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Foreword

This document contains reference lists of published Langley Research

Center papers in various ,'.teasof acoustics and noise control for the

period 1940-1979. The research work was performed either in-house by the

, Center staff or by other personnel supported entirely or in pare by grants

or contracts. The references are listed choronologically and are grouped

, under the following general headings:
Page

I. DUCT ACOUSTICS 4

II. PROPAGATION AND OPERATIONS 13

Ill. ROTATING BLADC NOISES 22

IV. JET NOISE 33

V. SONIC BOOM 43

VI. AIRFLOW-SURFACE INTEKACTION NOISE 57

VII. STRUCTURAL RESPONSE/INTERIOR NOISE 66

VIII. HUMAN RESPONSE 81

IX. AIRCRAFT NOISE PREDICTION 96

X. MISCELLANEOUS 101

Included _..,e tile generally available NACAand NASA lechnical

,,,_,,,_,_o _zn,I), NACAand NASA Technical Notes (TN- and TN D-), NACAResearch

MeE_orandUhl(RH-), Contrdct(_r Rep_rts (CR-), and Journal Articles, copies of

which can be obtained fro11_the rCASAScientific and Technical Information

' Facility (STI.F), P. U. L_ox_757, Baltimore/Washin,:Iton International Airport,

Maryland 21240, For a nominal charge. Other i_.;hlications such as NACA

Technical Memorandums (TM-), NASArleJnoranduh_sand Technical Memorandums

(TM- and TM X-), are produced in lii:_ited supply but reproduction copies will

in most cases also be available from STIF.
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LangleyWorkingPapers (LWP-),Mastersand DoctoralTheses,and

companyreportsare generallynot availablefromSTIF. In nearlyall

cases the supplyis limitedand copieshaveto be requesteddirectly

from the authors.
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I. DUCTACOUSTICS

- Someof the topicscovered'inthis sectionare as follows:

ReciprocatingEngine_lufflers

Jet EngineInletand DischargeDuct AcousticLiners

Propagationin FlowingDucts

LinerConfigurationsand Materials

HelmholtzResonators

AcousticImpedanceand Flow Resistance

Measurementsand Analyses

Facilitiesand Test Equipment
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I. DUCT ACOUSTICS

Czarnecki, K. R.; and Davis, Don D., Jr.: Dynamometer-Stand Investigation
of the Muffler Used in the Demonstration of Light-Airplane Noise
Reduction. NACA TN 1688, October 1948.

Davis, Don D., Jr.; and Czarnecki, K. R.: Dynamonmter-Stand Investigation
of a Group of Mufflers. NACA TN 1838, March 1949.

q

" Davis, Don D., Jr.; Stokes, George M.; Moore, Dewey; and Stevens, George
L., Jr." Theoretical and Experi:nentalInvestigation of Mufflers
with Conunentson Engine-Exhaust Muffler Design. NACA Report llg2,
1954.

Stokes, George M.; and Davis, Don D., Jr.: Exhaust Mufflers as Applied
to the Helicopter. Proceedings of NASA Conference on Helicopters,
Langley Field, Virginia, May 12 and 13, 1954.

Davis, Don D., Jr.: Chapter 21, Handbook of Noise Control. Acoustical
Filters and Mufflers, December 1955.

Fricke, W.; Bissell, J. R.; Bamberg, W. T.; and Martina, C. K.:
Analytical and Experimental Studies of Sou;:IPressures on Ducted
Propellers. NASA CR-66270, December 1966.

Cawthorn, Ji_wnyM.; Morris, Garland J.; and Hayes, Clyde: Measurement
of Performance, Inlet Flow Characteristics, and Radiated Noise for
a Turbojet Engine Having Choked Inlet Flow. NASA TN D-3929,
May 196/.

Marsh, A. If.: Study of Acoustical Treatments for Jet-Engine Nacelles.
Jour. Acous. Soc. of Amer., vol. 43, no. 5, May 1968.

Marsh, A. H.; Elias, I.; Hoene, J. C.; and Frasca, R. L.: A Study of
Turbofan Engine Compressor Noise Suppression Techniques. NASA
CR-IO56, June 1968.

Chestnutt, David: Noise Reduction by Means of Inlet-Guide-VaneChoking
in an Axial-Flow Compressor. NASA TN D-4682, July 1968.

Cimerol, J. J.; Erickson, A. R.; and Fisher, J. I.: Investigation of the
Properties of Fiber Metal Acoustical Materials. NASA CR-66643,
September 1968.

Watson, H. A., Jr.; Thompson, J. D.; and Rucker, Carl E.: Structural and
Environmental Studies of Acoustical Duct-Lining Materials. Presented
at Conference on Progress of NASA Research Relating to Noise Alleviation
of Large Subsonic Jet Aircraft, Langley, October 8-I0, 1968. NASA SP-189.

Zorumski, William E.; and Parrott, Tony L.: Nonlinear Acoustic Theory for
Thin Porous Sheets. Presented at Conference on Progress of NASA
Research Relating to Noise Alleviation of Large Subsonic Jet Aircraft,
Langley, October 8-1O, 1968. NASA SP-189.
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Chestnu_t,David;and Crigler,John L.: Potentialof Inlet-Guide-Vane
Configurationfor InletNoise Reduction. Conferenceon Noise
Alleviationof Large SubsonicJet Aircraft,LangleyResearchCenter,
October8-10, 1968. NASA SP-189.

Chestnutt,David: Jet EngineInletNoise Control. Sound and Vibration,
vol. 2, no. 12, December1968, pp. I0-14.

Arnold,Lee;and Slutsky,Simon: AttenuationofPlaneWavesof Sound by
Suspensionof ResonatingParticles. Presentedat BasicAerodynamic
NoiseResearchConference,NASAHeadquarters,Washington,D.C.,
July 14 and 15, 1969. NASA SP-2O/.

i

Plumblee,Harry E.: Effectof Duct Heatingon Jet and Fan Noise.
Presentedat BasicAerodynamicNoise ResearchConference,NASA
Headquarters,Washington,D.C., July 14 and 15, 1969. NASA SP-207.

Lansing,DonaldL.: The ExactSolutionfor the Radiationof Sound froma
Semi-lnfiniteCircularDuct withan Applicationto Fan and Compressor
Noise. Presentedat NASA Symposiumon AnalyticalMethodsin Aircraft
Aerodynamics,Ames ResearchCenter,October28-30,1969. NASA SP-228.

Chestnutt,David;and Clark,LorenzoR.: Effectsof Inlet-Guide-Vane
Configurationand RelativeBladeVelocityon Noise fromAxial-Flow
Compressors.NASA TN D-5507,FebruaryIg70.

Zorumski,WilliamE.: AcousticScatteringby a PorousEllipticCylinder
with NonlinearResistance. Ph.D. Thesis,VirginiaPolytechnic
Institute,_larch1970.

Marino,PeterA., Jr.: SoundAbsorptionin AcousticallyTreatedDucts
in the Presenceof ObliqueWaves. NASA CR-66968,June 1970.

Brown,David: Investigationof the Influenceof Duct-MountedHelmholtz
Resonatorson the Sound Fieldof a Model DuctedPropeller.
NASA CR-1653,September1970.

Pendley,RobertE.; and Harsh,Alan H.: Investigationof DC-8 Nacelle
Modificationsto ReduceFan-Compresso_Noise in AirportCommunities.
Part ! - Su_ary of ProgramResults. NASACR-1705,DecemberIg70.

Marsh,Alan H._ Frasca,R. L.; Gordon,D. K.; Henry,C. A.; Laurie,G. L.;
and Kamei,L. T.: Investigationof DC-8 NacelleModificationsto
ReduceFan-CompressorNoise in AirportCommunities.Part II -
DesignStudiesand Duct-LiningInvestigations.NASA CR-1706,
DecemberI770.

Manhart,J. Kenneth;Campbell,D. A.; Henry,C. A.; and Lowder,E. M.:
Investigationof DC-8 NacelleModificationsto ReduceFan-Compressor
Noise in AirportConl_unities.Part Ill - StaticTests of Noise
SuppressorConfigurations.NASA CR-1707,December 1970.

Zwieback,E. L.; Lowder,E. M.; I1kcagla,E. A.; Andresen,H.; Henry,C.
A.; Marsh,AlanH.; Gordon,D. K.; Cleveland,N. L.: Investigation
of DC-8 t4acelleModificationsto ReduceFan-CompressorNoise in
AirportCommunities.Part IV - FlightAcousticaland Perfor0_ence
Evaluations.NASA CR-1708,December1970.

1980010607-006



Wahllon,H. D.; Gabbay,EllisJ.; Ferry,G. B., Jr.; and Cleveland,N. L.:
Investigationof DC-8 NacelleModificationsto ReduceFan-Compressor
Noise in AirportComunities. Part V - EconomicImplicationsof
Retrofit. NASA CR-lTOg,December1970.

Langdon,LawrenceE.; Gabriel,RichardF.; and Marsh,Alan H.:
Investigationof DC-8 NacelleModificationsto ReduceFan-Compressor
Noise in AirportCommunities.Part VI - PsychoacousticEvaluation.

' NASACR-1710,December1970.

Anon.: Study and Developmentof TurbofanNacelleModificationsto
MinimizeFan-Com)ressorNoise Radiation. Vo1. II - AcousticLining
Development.NASA CR-1712,1971.

Anon.: Study and Developmentof TurbofanNacelleModificationsto
MinimizeFan-Com)ressorNoise Radiation. Vo1. Ill - ConceptStudies
and GroundTests. NASA CR-1713,1971.

Anon.: Studyand Develo)l_lentof TurbofanNacelleModificationsto
MinimizeFan-Com)ressorNoise Radiation. Vo1. IV - Flightworthy
NacelleDevelopment.NASA CR-1714,1971.

Anon.: Studyand Develo)mentof TurbofanNacelleModificationsto
MinimizeFan-Com)ressorNoise Radiation. Vol. V - Sonic Inlet
Development.NASA CR-1715,1971.

Anon.: Studyand Develo)mentof TurbofanNacelleModificationsto
MinimizeFanoCom)ressorNoise Radiation. Vol. VI - Economic
Studies. NASA CR-1716,1971.

Anon.: Studyand Develo)mentof TurbofanNacelleModificationsto
MinimizeFan-CompressorNoise Radiation. Vol. Vll - Subjective
EvaluationTests. NASA CR-1717,1971.

Anon.: Study and Develo)mentof TurbofanNacelleModificationsto
MinimizeFan-CompressorNoise Radiation. Vol. I Program
Summary. NASA CR-1711,1971.

Chestnutt,David;Hubbard,HarveyH.; and Feller,CharlesE.: Trendsin
Noise Controlfor AircraftGas TurbinePower Plants. Conferenceon
AircraftSafetyand OperatingProblems,LangleyResearchCenter,
NASASP-270,May 1971.

Zorumski,WilliamE.; and Parrott,Tony L.: NonlinearAcousticTheory
for RigidPorousMaterials. NASA TN D-6196,June 1971.

Hayden,R. E.: NoiseGenerationby Duct Elementsin Low SpeedAir
Flows. Proceedingsof PurdueNoiseControlConference,Lafayette,
Indiana,July ]4-16,1971.

McDaniel,O. H.: Performanceof AbsorptiveDuct Linersin the Presence
of SpinningModes. Proceedingsof PurdueNoiseControlConference,
Lafayette,Indiana,July 14-16,1971.
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Oslac, M. J.: The Use of the Spinning Mode Synthesizer for Studying
Complex Modes in Ducts of Varying Cross Sections. Proceedings
of Purdue Noise Control Conference, Lafayette, Indiana, Juiy 14-16,
1971.

Zorumski, William E.: Acoustic Scatteripg and Absorption by a Rigid
Porous Elliptic Cylindrical Shell. NASA TN D-6340, August 1971.

Hilton, David A.; Pegg, Robert J.; Parrott, Tony L.; and Alfredson,
Robin J.- Evaluation of the tioiseReduction of Two Exhaust Muffler
Configurations for the H-13 Helicopter. LWP No. 984, August 1971.

Drischler, Joseph A.: Analytic Studies of Sound Pressures Inside the
Duct of Ducted Propellers. NASA TN D-6345, September 1971.

Chestnutt, David; and Clark, Lorenzo R.: Noise Reduction by Means of
Variable Geometry Inlet Guide Vanes in a Cascade Apparatus.
NASA TM X-2392, October 1971.

Budoff, Narvin_ and Zorumski, W. E.: Flow Resistance of Perforated
Plates in Tangential Flow. NASA TN X-2361, October 1971.

Barna, P.S." Measurements of Flow Resistance of Various Resonator

Orifice Configurations (Phase I). NASA CR (Contract NASI-9434), 1972.

Heller, Hanno H.; and Widna11, Sheila E.: The Role of Fluctuating Forces
in Lhe Generation of Compressor Noise. NASA CR-2021, 1972.

Soffel, Arthur R.; and Morrow, Paul F.: Investigation of the Tone-Burst
Tube for Duct Lining Attenuation Measurement. NASA CR-112031, 1972.

Holm, Raymond G.; and Zorumski, William E.: Acoustics Radiation Patterns
for a Source in a Hard-LValledUnflanged Circular Duct. NASA TN
D-7360, 1973.

Zorumski, William E.: Acoustic Impedance of Curved Multilayered Duct
Liners. NASA TN D-7277, 1973.

Harrington, Walter W.: Design and Development of an Automatic Control
System for the In-Duct Cancellation of Spinning Modes of Sound.
NASA CR-132317, 1973.

Lowson, M. V.; and Baskaran, S.: Propagation of Sound in Elliptic Ducts.
NASA CR-132307, 1973.
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Plumblee, H. E.; Dean, P. D.; Wynne, G. A.; and Burrin R. H.: Sound
Propgation in and Radiation From Acoustically Lined Flow Ducts:
A Comparison of Experiment and Theory. NASA CR-2306, 1973.

Seiner, John: and Reethof, Gerhard: Design and Development of the
Spinning Mode Synthesizer. NASA CR-2260, 1973.

Lansing, Donald L.; and Zorumski, William E.: Effects of Wall Admittance
Changes on Duct Transmission and Radiation of Sound. Journal of
Sound and Vibration, vol. 27, no. I, March 1_73.

Nayfeh, A. H.; and Zorumski, W. E.: The Acoustics of Aircraft Engine-
Duct Systems. Proceedings of the CASI/AIAA Aeronautical Meeting,
October 1973.

Parrott, Tony L.: An Improved Method for Design of Expansion-Chamber
Mufflers with Application to an Operational Helicopter. NASA i
TN D-7309, October 1973.

Parrott, Tony L.: Propagation of Sound Through Thermal Gradients Along
the Axis of a Quartz Tube. MS Thesis, GWU, Washington, DC, 1973.

Zorumski, William E.: Generalized Radiation Impedance and Termination
Reflection Coefficients of Circular and Annular Ducts. Journal
of Acoustical Society of America, vo1. 54, no. 6, I_, pp. 1433-1844.

Nayfeh, A. H. and Telionis, D. P.: Acoustic Propagation in Ducts with
Varying Cross Sections. Journal of Acoustical Society of America,
vol. 54, 1973, pp. 1654-1660.

Nayfeh, A. H.: Effect of the Acoustic Boundary Layer on the Wave
Propagation in Ducts. Journal of Acoustical Society of America,
vol. 54, 1973, pp. 1737-1742.

Nayfeh, A. H.; Telionis, D. P.; Lekoudis, S. H.: Acoustic Propagation
in Ducts with Varying Cross Sections and Sheared Mean Flow.
AIAA Paper No. 73-1008, 1973.

Nayfeh, A. H.; and Telionis, D. P.: Algebraically Growing Waves in Ducts
with Sheared Mean Flow. Journal of Acoustical Society of America,
vol. 55, 1974, pp. 16-18.

Nayfeh, A. H.: Sound Waves in Two-Dimensional Ducts with Sinusoidal
Walls. Journal of Acoustical Society of America, vol. 55, 1974,
pp. 768-770.

Nayfeh, A. H.; and Tsai, M. S.: Nonlinear Acoustic Propagation in
Two-Dimensional Ducts. Journal of Acoustical Society of America,
vol. 55, 1974, pp. I166-I172.

Nayfeh, A. H.; Kaiser, J. E.; and Shaker, B. S.: Effect of Mean-Velocity
Profile Shapes on Sound Transmission through Two-Dimensional Ducts.
Journal of Sound and Vibration, vol. 14, 1974, pp. 413-423.

Zorumski, William E.; and Mason, Jean P.: Multiple Eigenvalues of Sound-
Absorbing Circular and Angular Ducts. Journal of the Acoustical
Society of America. June 1974.
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Nayfeh,A. H.; and Sun,J.: Effectof TransverseVelocityand Temperature !)
Gradientson SoundAttenuationin Two-DimensionalDucts. Journel
of Sound and Vibration,vo]. 34, }974,pp. 505-5]7.

: Nayfeh,A. H.; Sun,J.; and Telionis,D. P.: Effectof Bulk-Reacting
Linerson Wave Propagationin Ducts. AIAA Journal,vo]. 12,
1974,pp. 838-843.

Clark,T. L.; Ganz, U. W.; Graf, G. A.; and I_estal],J. S.: Analytic
Modelsof DuctedTurbomachineryTone Noise Sources Vo]. I: Analysis.

' NASACR-]32443,1974.

Clark,T. L.; Ganz, U. W.; Graf, G. A.; and Westall,J. S.: Analytic
Modelsof DuctedTurbomachineryTone Noise Sources- Vol. II:
SubprogramDocumentation.NASA CR-132444,1974.

Clark,T. L.; Ganz, U. W.; Graf, G. A.; and Westall,J. S.: Analytic
Modelsof DuctedTurbomachineryTone Nolse Sources- Vo]. Ill:
ProgramTest Case Results. NASA CR-132445,1974.

Nayfeh,A. H.; Telionis,D. P.; and Kaiser,J. E.: Transmissionof
Sound ThroughAnnularDucts of VaryingCrossSections. AIAA Paper
No. 74-58,1974.

Wyerman,BarryR.: AbsorptionCharacteristicsof Glass Fiber Materials
at Normaland ObliqueIncidence. NASA CR-]32451,1974.

Nayfeh,A. H.; and Tsai, M.-S.: FiniteAmplitudeWaves in Cylindrical
LinesDucts. AIAA Paper No. 74-553,1974.

Ehlers,F. Edward: A FiniteDifferenceMethodfor the Solutionof the
TransonicFlowAroundHarmonicallyOscillatingWings. NASA
CR-2257,1974.

Pegg, RobertJ.; and Hilton,DavidA.: Comparisonof AcousticPerformance
of FiveMufflerConfigurationson a Small Heiicopter. NASATN
D-7495,1974.

Nayfeh,A. H.: NonlinearPropagationof a Wave Packetin a Hard-Walled
CircularDuct. VPI and SU ReportE-74-g,1974.

Posey,Joe W.; and Compton,Kevin J.: Effectof Nonsymmetrica]Flow
ResistanceUponOrificeImpedance. NASA TM X-72624,1974.

Nayfeh,f. H.; and Tsai, M.-S.: High IntensitySound in LinedDucts.
Pr(:ceedingsof the SecondInteragencySymposiumon University
ResearchinTransportationNoise,NorthCarolinaState University,
June 1974.

Nayfeh,A. H.; Kaiser,J. E.; and Telionis,D. P.: Transmissionof
SoundThroughDuctswith VaryingCross Sections. Proceedingsof
the SecondInteragencySymposiumon UniversityResearchin
TransportationNoise,North CarolinaState University,Ju,:e]974.

Lumsdaine,Edward;and Clark,LorenzoR.: NoiseSuppressionwith Sonic
and Near-SonicInlets. Proceedingsof the SecondInteragency
Symposiumon UniversityResearchinTransportationNoise,June 1974.

1980010607-010



lO
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1974.
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CR-132650,1975. (NGL39-009-212PA StateUniversity)

Savkar,3. O.; and Edelfelt,I, H.: Radiationof CylindricalDuct
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Clark,LorenzoR.: Effectsof InletTreatmentLocationand Treatment
CavityDepth on CompressorNoise. NASA TM X-72698,1975.

Lester,H. C.; and Posey,J H.: Duct Liner Optimizationfor
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Zorumski,WilliamE.; and Lester,HaroldC.: UnifiedAnalysisof
DuctedTurbomachineryNoise. NASATM X-72633,1975.
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Pre_._,.(d at the 91s_ Meeting of the Acoustical Society, April 1976.

i
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in Nonuniform Ducts. AIAA 76-496, July ]976.

Chestnutt, David; and Feiler, Charles E." Advanced Inlet Duct Noise Reduction
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II. PROPAGATIONAND OPERATIONS

j Soi.le of the topics covered in this section are as follows: _'

! At_:1ospheric Propagation of Sound and Shock Waves
_ ._

Absorption, Scattering, Refraction, Diffraction, and __
Refl ectinn

1-
i

Turbulence and Wind Effects

Aural Detection

Noise Abatement Aircraft Operations

Ground Impedance
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I I. r'ROPAGATIONAI'II/ OPERATION3
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Ill. ROTATINGBLADENOISE

Someof the topicscoveredin this sectionare as follows:

Freeand DuctedPropellers;Tilt Rotors;Main and Tail
! Rotorsof Helicopters

Noisedue to Torque,Thrust,Coning,Thickness,Unsteady
Loads,and VortexSheddingand NonuniformInflow

Near-and Far-FieldNoise Measurement,Analysis,Prediction,
and Reduction

RotatingBlade InducedLoads on Structures
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"' IV. JET NOISE

Some of the topicscoveredin this sectionare as follows:

Near-and Far-NoiseFields

Subsonicand SupersonicFlows
t

Mode]Jets,Jet Engines,and RocketEngines

FreeJets, Shear Layers,ImpingingJet and CoaxialJets

MachWaves,Turbulence,Temperatureand VelocityProfiles,
and Combustion

Mufflers,Suppressors,and NoiseControl

Equipment,Facilities,and Test_lethodology

"r
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V. SONIC BOOM

Some of the topics covered in this section are as follows:

Generation, Propagation, Fiinimization,and Prediction

Effects of Vehicle Altitude, Mach Number, Size and Shape,
Lift Distribution, Flightpath, and Acceleration

Generation by Projectiles, Aircraft, and Spacecraft

Ballistic Ranges, Rocket Sleds, Wind Tunnels, and Other
Simulators

Effects of At_,1osphericGradients, Turbulence, and Ground
Reflections

Lateral Spread Ground Patterns Including Super-Booms from
Maneuvers

Measurements and Analyses

Responses of Buildings, Building Components, Equipment, and
Terrain

Loudness, Startle, Awakening and Annoyance Responses of
People

i
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__ Vl. AIRFLOW-SURFACEINTERACTIONNOISE

I- Some of the topics covered in this section are as follows:

Turbulent Boundary Layers; Separated Flows; and Impinging
Jet Flows from Upper Surface Blowing, Jet Augmented Flaps,
and Externally Blown Flaps

Noise from Airframes Including Kuch Components as Struts,
Cavities, Spoilers, Flaps, and Porous Surfaces

Free-Flight Tests and Simulation by Wind Tunnels and ..
Tracked Vehicles

Lift Induced Ground Pressures

Radiated Noise, Surface Pressures, Correlation Areas, and
Vorticity

J
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VII. STRUCTURALRESPONSE/INTERIORNOISE

Some of the topics covered in this section are as follows:

rloise and Sonic Boom Induced Responses of Panels, Beams,
Uindows, Walls, Cdvities, Ground Buildings, Aircraft
Structures, and Acoustic Materials.

Deflections, Accelerations, Stresses, and Crack Growth

DaHage Minimization

Modal Density Concepts

Acoustic Loads Prediction

Test Facilities, Equipment, and Methods

Noise Transmission Through Plates and Enclosures

Noise Insulation

Aircraft and Heicopter Cabin Noise Measurement
Analysis and Control
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I

} VIII. HUMAN RESPONSE
|

So,heof the topics covered in this section are as follows"
o

Aircraft Noise, Sonic Boorl, and Vibration Environments

Psychoacoustic and PsychophysiologicalRcsponses Such as
Annoyance, Noisiness, Loudness, Speech Interference,
Task Perforr.lance,fluscleTension, Startle, Sleep Awakening

Research [lethods,Equipr_ent,and Facilities

_leasurements,Analysis, and Predic.ion

Ride Quallty Criteria

CohlbinedEffects of Nolse and Vibrations

4 _IIIII, -- '.... _ ...... _" '" . .I
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IX. AIRCRAFT NOISE PR_DICTION

Items covered in this section are:

Programs and Methodology for predicting aircraft flyover
noise

Technology relating to the noise qgeneratlon, noise propagation
or the effects of noise from components of flight vehicles

Validation _f predictiop methods

Key Technology Prediction Documents from rJASAResearch Center_
other than Langley

!
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X. MISCELIANEOUS

Some of the topics covered in this section are:
i

Tutorial and survey articles

General purpose facilities and equipment

Proced_res for measurement, data reduction
and calibration

Analytical methods

Special items

w
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